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Introduction
Ischemic Heart Disease (IHD) is a major cause of death in developed countries, IHD remains responsible for about one-third of all deaths in individuals over age 35, Diabetes Mellitus (DM) is known to cause microvascular and possibly macrovascular complications as it one of the major risk factors for Coronary Artery Disease (CAD) [1] [2] [3] .
Most of the mortality in patients with DM is due to atherosclerotic disease. Also, in the risk for cerebrovascular disease, peripheral vascular disease, and heart failure are associated with diabetes. Observations from many clinical trials showed that DM is associated with a higher prevalence of CAD with higher morbidity and more fatal coronary events due to a higher incidence of plaque rupture and superimposed thrombosis in diffusely diseased coronary arteries [4] .
that more studies should be done to establish the relationship between HbA1c and macrovascular complications of DM [5] .
Aim
To study the possible correlations of HbA1c with the severity of CAD among patients with T2DM using Gensini score.
Patients and methods

Patients
This study included 200 patients (132 females and 68 males) in Qena University Hospitals from December 2018 till September 2019 , who were previously diagnosed to have diabetes mellitus according to American Diabetes Association Diagnostic Criteria for Diabetes Mellitus 2018 and ischemic heart disease either by history of recurrent attacks of typical chest pain, previous unstable angina or myocardial infarction, ECG different criteria of ischemia or Echo showing regional wall motion abnormalities. We excluded patients with alcohol intake, lead, opiate toxicity, splenectomy and uremia as they had an increased level of HbA1c.
Data collections
All of the patients had been subjected to the following:
-Full history with stress on risk factors of coronary artery disease, exclusion criteria, and detailed physical examination.
-12 lead resting ECG, HbA1c measurement, Lipid profi le, 2D transthoracic Echocardiography (TTE), Diagnostic coronary angiography all images were recorded digitally [6] .
-Assessment of the severity of coronary artery disease had been done by using Gensini score:
o Gensini score grades narrowing of the lumen of the coronary artery and scores it with numerical values with the following method: <25% narrowing (1 point), 26-50% (2 points), 51-75% (4 points), 76-90% (8 points), 91%-99% (16 points), and 32 points for 100% occluded artery.
o This score is then multiplied by a factor according to the importance of the coronary artery as follows: 5 for a Left Main Stem (LMS) lesion, 2.5 for proximal Left Anterior Descending artery (LAD) and proximal Circumfl ex artery (CX) lesions, 1.5 for a mid-LAD lesion, 1 for distal LAD, mid/distal CX and right coronary artery lesions and 0.5 for any other branch.
o The individual scores of all lesions then summated to
give the total Gensini score [7] .
Laboratory workup
After 10-12hours fasting, 6 cc venous blood was withdrawn from every included subject and divided onto two parts; 3ml placed on EDTA-containing tube for immediate HbA1c assay using cobas c311, Hitachi, Roche Diagnostics, Germany.
The other 3ml was evacuated into a plain vacutainer tube where blood was allowed to clot for 10-20minutes at room temperature before centrifugation at a speed of 3000×g for 5minutes, then serum was used for lipid profi le assay: HDL, triglycerides and total cholesterol were measured according to the manufacture protocol using a spectrophotometric assay kit provided by BIOLABO SAS, Les Hautes Rives 02160, Maizy, France. The serum level of LDL cholesterol was calculated.
Statistical analysis
All patients had been analyzed using the Statistical 
Results
Our study included 200 patients, 132 females with mean age 52.33±9.618 and 68 males with mean age 55.04±10.147 ( Figure   1 ).
In our study we found that 111 patients were hypertensive, 68 patients were smokers, dyslipidemia found in 116 patients, 84 patients had ECG ischemic changes and RSWMA (Segmental wall motion abnormality at rest) by transthoracic echocardiography found in 88 patients. Patients were divided into 6 groups according to HBA1C starting from 4 to >14 and 7 groups according to Gensini score from 0 to 140, 3 groups according EF% (Ejection fraction) the 1 st <40%(28 patients), 2 nd 40:50% (55 patients) and the 3 rd >50% (117 patients).
HbA1c was variably distributed among patients. HbA1c between (4-6) was found in 31 patients, between (6) (7) (8) in 23, between (8) (9) (10) in 17, between (10) (11) (12) in 38, between (12) (13) (14) in 56, and >14 in 35 patients (Figure 2 ).
Gensini score was also variably distributed among patients, 39 patients had Gensini score (0-20), 32 had score (21-40), 23 had score (41-60), 15 had score (61-80), 31 had a score between (81-100) while 38 patients have Gensini score of (101-120) and 22 patients had score of (121-140) (Figure 3 ).
There was a statistically signifi cant positive correlation between Gensini score and Age (as older patients had higher Gensini score P-value 0.03), smoking (as smoker patients had higher Gensini score, P-value <0.01), Dyslipidemia (as dyslipidemic patients had higher Gensini score, P-value <0.01), hypertension (as hypertensive patients had higher Gensini score, P-value <0.01), Ejection fraction (as patients with lower EF% had higher Gensini score, P-value <0.01), RSWMA by TTE and Ischemic changes in their ECG had higher Gensini score, P-value <0.01.
There was a statistically signifi cant positive correlation between HBA1C and Gensini score as the HbA1c increased the Gensini score increased (P-value <0.01). (Figure 4 ).
In our study we found that there was multivariate signifi cant correlation according to Gensini score between HBA1C level, ECG fi nding and Ejection fraction (EF%) by transthoracic Echocardiography as patients with higher Gensini score found to have higher HBA1c level, ischemic changes in their ECG and lower ejection fraction (P-value <0.01) ( Figure 5 , Table 1 ).
Discussion
Cardiovascular Diseases, including CAD, are major causes of morbidity and cardiovascular mortality in patients with type 2 diabetes mellitus (T2DM) [3] .
Diabetic patients usually have many health issues that contribute to the higher risk of cardiovascular diseases;
including hyperglycemia, fl uctuation of blood glucose, central obesity, hyperlipidemia and hypertension [1] .
In this present study, we determine the relationship of HbA1c with the severity of coronary artery disease.
Our results were in agreement with many researchers [8] [9] [10] [11] [12] [13] , who reported a positive correlation between severity of CAD and HbA1c. A study by Saleem, et al., [9] , they found that there was statistically signifi cant positive correlation according to Gensini score and DM (p=0.003), hypertension was an independent factor infl uencing the severity of coronary artery disease that result match the result of our present study.
Su, et al., [10] , studied the association of glycemic variability and the presence and severity of CAD in 252 patients with type 2 diabetes and reported that Gensini score closely correlated HbA1c level (p=0.022) also, Gensini score was signifi cantly increased with age as we found in our present study. Ravipati, et al., [8] , studied the association of HbA1c level with the severity of CAD in 315 diabetic patients who underwent coronary angiography because of chest pain and stated that HbA1c level signifi cantly increased with the increasing severity of the diseased arteries that meet our results.
A study by Jia, et al., [11] , reported signifi cant differences between CAD and non-CAD subjects with respect to age (p=0.002), sex (p=0.001), total cholesterol (p=0.042), fasting glucose (p=0.005), HbA1c (p=0.000) and HbA1c score (p=0.000), However, there was no statistically difference in triglyceride (p=0.319), HDL-c(p=0.714) and LDL-c(p=0.905) levels, smoking status (p=0. 079), SBP (p=0.155) and DBP (p=0.303) between CAD and non-CAD subjects.
In our present study we found that there was statistical signifi cance positive correlation according to Gensini score with respect to lipid profi le (P value<0.01), hypertension (P value<0.01) and smoking (P value<0.01). In agreement with our fi ndings, a study has been done by Gaber, et al., [12] , there were 100 diabetic patients were scheduled for coronary angiography ,the analysis of the result showed that there was a statistically signifi cant positive correlation between HbA1c levels & Gensini scores, with increasing HbA1c values there was an increase in Gensini score p-value<0.001. There was a statistically signifi cant positive correlation between age & Gensini scores, with increasing age there was an increase in Gensini score p-value <0.016, all these results match the result of our study. But in the same study, they found that there was no statistically signifi cant difference between hypertensives and non-hypertensives, dyslipidemic and non-dyslipidemic and smokers and non-smokers regarding their HBA1c levels (p-value >0.05) on the contrary of the result of our study which found a positive correlation of all these factors and Gensini score.
In line with our study, the study of Hong, et al., [13] , they found that HbA1C was an independent predictor of severity of CAD (P< 0.001) even after adjusting for age, gender, traditional risk factor of CAD, lipid profi le and fasting blood glucose.
On the contrary to our results and the previous studies Schnyder, et al., [14] , studied the association of HbA1c with the severity of CAD in 631 patients (148 diabetic patients and 483 non-diabetic patients) and he discovered that the severity of CAD was not associated with HbA1c level. This discordance may be attributed to the inclusion of non-diabetic patients representing the major cohort of the study in contrast to our patients who all were diabetics; also the difference of the sample size between our study and this study may be a contributing factor. 
Conclusion
Study limitations
In addition to the relatively small number of patients and being a single-center study so that some subgroup comparisons may have lacked the power to detect signifi cant differences for selected variables, the major limitation of our study is that it did not include many patients' categories like those addict to alcohol, having uremia, lead and opiate toxicity or those who surgically removed their spleen as they have false increased levels of HbA1c, another limitation due to the fact that this study was a cross-sectional one, so our results only could show the association between HBA1c and prevalent CAD but not incident CAD. Our study didn't use a glycemic variation (fasting blood sugar, postprandial glucose excursion, mean amplitude of glycemic excursion MAGE) as a tool of prediction of severity of CAD. Finally, our study lacked the value of HbA1c for prognostic outcomes in patients with AMI or ACS after CABG or stent implantation as we were limited by the short time to have a signifi cant result. 
